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Ever since the turn of the century, the use of so-called induction 
heating in industry and laboratory has become increasingly more popular 
with years after years of improvements on its design. Today high 
frequency induction heating is satisfactorily employed in a wide variety 
of heat treatments of metals. It is also used in surface hardening of 
metals, soldering of similar and dissimilar metals, heating for forging 
and brazing, melting and many other applications. In recent years, a 
good example of laboratory use of induction heating is in semi-conduc-
tor crystal production. 
The principles behind induction heating are similar to those of a 
transformer; however, low frequency, alternating current is generally 
associated with the latter. In induction heating, the object to be 
heated, -~h~9h is always a metal, and therefore, a conductor of elec-
tricity, is brought close to the influence of an electromagnetic 
field which is created by passing a high frequency alternating current 
through an induction coil. Two types of "losses" are responsible for the 
heating-up of the metal. They are namely "eddy current losses" and 
"hysteresis losses". A current induced in the conductor by the rapidly 
changing flux of the electromagnetic field is resisted by the resistance 
of the metal, thus, causing a generation of heat in the body of the 
conductor. This is the so-called "eddy current losses". If the object 
is a ferromagnetic material, heat is also generated in it due to the 
rapid change in magnetic alignments of the molecules in the body. This 
phenomenon is known as "hysteresis losses". However, the role of 
"hysteresis losses" is limited to ferromagnetic metals alone, and even 
for these metals its influence is accounted only up to the Curie 
temperatures. The recent value of Curie temperature for iron is 
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770 °C - 5 °C; that is, about 1418 °F ~ 1~6 °F. Thus, for most 
induction heating, "hysteresis losses" are negligible. However, for 
the low temperature range (400-1250 °F) covered by this investigation, 
"hysteresis losses" as well as "eddy current losses" are accounted for 
the heating of a metal. 
Owing to the importance of high frequency induction heating in 
both industrial and laboratory work, the needs for measurement and 
control of surface temperature of an object subjected to induction 
heating have been receiving wider attention in the recent years. The 
important surface temperature measuring devices are classified in 
general as follows: (1) color pyrometry, (2) optical pyrometry, 
(3) total radiation pyrometry, and (4) ther.moelectric pyrometry. 
Color pyrometry involves the use of paints such as Tempilistiks 0 
or Tempilaq 0 which melts or changes its color when the workpiece on 
which it is applied has reached a given temperature. Due to the 
crudity of this method, difficulty in precise temperature interpre-
tation and unsuitability for continuous temperature measurement, 
color pyrometry is not generally cons idered for surface temperature 
measurement of metal undergoing induction heating. 
The very rapid rate of heating, the interference of the induction 
coil from "viewing", and the difficul ty in the deter.mination of emis-
sivity of the metal surface are real handicaps that threaten the use 
of optical pyrometry for the purpose under investigation. 
In general, total radiation pyrometry gives satisfactory results. 
It has the advantage of transmitting radiation energy from the heated 
surface to a ther.mopile inside the pyrometer which in turn actuates a 
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potentiometer. However, it is not without disadvantagesA The problems 
of "sightinif' the heated surface, emissivity of the surface, high first 
costs and temperature range are to be considered among others. Since 
the investigation undertaken by the author is in a low temperature 
range, and since the lowest temperature covered by a commercial total 
radiation pyrometer is about 500 °F, the use of this kind of device 
will not be perfect. The author does not question the adaptability of 
the total radiation pyrometer (especially the "sapphire rod radiamatic 
pyrometer' manufactured by Minneapolis-Honeywell Regulator Company) 
for the measurement of surface temperature at a higher range and for 
temperature control; however, the emissivity of the radiation surface 
should always be considered. 
It is the object of this thesis to investigate the possibility of 
using thermoelectric pyrometry for surface temperature measurement 
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of metal undergoing induction heating. The temperature range under 
investigation, as stated before, is 400 °F to 1250 °F. This research 
may actually be treated by two sections. The first section concerns 
the methods of using thermocouples for ordinary surface temperature 
measurements. The second section concerns the effect, if any, on 
thermocouple e.m.f. readings while it is measuring the surface temper--
ature of a metal undergoing induction heating. 
The first section of the investigation has been well covered by 
literature and will be discussed under "Review of Literatures". The 
main body of the thesis will be composed of experiments dealing with 
the second part of this investigation; that is, the investigation of 
the induction heating effect on thermocouples as a temperature sensing 
element, since, to the knowledge of the author, there has not yet 
been any comprehensive attempt made in that direction. 
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PARI' I - SECTION I 
REVIEW OF LITERATURE 
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The use of thermoelectric pyrometry for surface temperature 
measurement has been well discussed in many literatures in the past, 
and is still widely employed in the industry for determination and 
control of temperature of a workpiece under a heating process. 
In contrast to this encouraging aspect is also the fact that there 
has been very few discussions and investigations made with the specific 
object of thermocouple application as a temperature sensing element in 
high frequency induction heating. There has been no particular attempt 
made in determining the effect of induction heating on a thermocouple 
which is in metal contact with the workpiece. 
For measurement of surface temperatures, A. P. Colburn and 0. A. 
Hougen have presented an excellent article on factors affecting the true 
reading of a thermocouple; on different methods of measuring surface 
temperature with a thermocouple; on their proposed method to meet their 
specific purpose; that is, the determination of temperature of a surface 
which is in contact with condensing steam; and finally, methods for 
minimizing fluctuations of thermocouple temperatures. (l) 
(1} Colburn, A. P., and Hougen, 0. A., Studies in Heat Transmission. 
Ind. Eng. Chem., Anal. Ed. Vol. 22 , pp. 522-5 24 (1930). 
Colburn and Hougen have presented a very interesting study on 
possible errors in surface temperature measurement with a thermocoupl e. 
They concluded that errors are subjected to the influence of the method 
used for attaching the junction to the surface. Where the thermocouple 
wires extended directly out from the surface, Nusselt showed that total 
error is a function of the term: 
6 





thermal conductivity of wires 
thermal conductivity of surface 
diameter of wires 
heat-transmission c9efficient from wires to 
surrounding medium l2) 
(2) Nusselt, Mitt. Forscha Arb., Heft 63, 26 (1909). 
Colburn and Hougen have measured the surface temperatures of a 
steam drum with copper-constantan thermocouples soldered directly to 
the surface and with the wire extending perpendicularly into the air. 
This arrangement showed an error of two per cent. 
Roeser presents a detailed discussion on thermoelectric thermo-
metry. ( 3 ) His paper is widely quoted by many workers in his field. 
(3) Roeser, Wm. F., Thermoelectric Thermometry, Temperature - Its 
Measurement and Control in Science and Industry. N.Y., 
Reinhold, 1941. pp. 180-205. 
Baker, Ryder and Baker have devoted Volume One of their series of 
books on Temperature Measurement in Engineering on thermocouples and 
their relating techniques. It is by far the most comprehensive book 
ever written on these subjects. ( 4 ) 
(4) Baker, H. D., Ryder, E. A., and Baker, N. H. Temperature 
Measurement in Engineering A Vol. 1 a N. y. I John ~'Jil ey & Sons I 
1953. pp. 30-85. 
An article published by Lepel High Frequency laboratories has 
presented techniques and descriptions fo r attaching thermocouple leads 
with the part to be heated by induction. ( 5 ) However, the article has 
failed to discuss by experimental or analytical method the influence, 
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if any, of induction heating on thermocouple readings. 
(5) Temperature Control in High Frequency Induction Heating" High 
Frequency Heating Reviewa Lepel High Frequency Laboratory. Vol. l, 
Non 3, pp. l-7 (1958). 
PARI' I - SECTION II 
EXPERIMENTAL SECTION 
PURPOSE OF INVESTIGATION 
The purpose of the experimental section is to investigate by means 
of experiments the effect, if any, on a thennocouple while it is 
measuring the surface temperature of a metal undergoing high-frequency 
induction heating. In connection with this investigation, techniques 
of attaching thermocouple leads with metal will also be discussed. 
PLAN OF EXPERll1ENTATION 
The experiments may be divided into three parts: 
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PART ONE: This is composed of six individual experiments and makes 
preliminary investigation of the behaviors of materials 
and apparatus under induction heating. 
PART TWO: This is composed of two experiments and makes investi--
gation of the behaviors of thennocouple e.m.f. reading 
while it is embedded in different materials, non--
matallic or metallic, under induction heating. 
PART TIIREE: This is composed of a single experiment and investi-
gates the possible induced e.m.fa in the thermocouple 
as it is measuring the surface temperature of an 
induction-heated steel rod. 
Each experiment under these three different parts include the 
following items in this order: 
(l) Purpose of the experiments, followed by plan of experimenta-
tion in some experiments, 
(2) Apparatus, 
( 3) Procedure, 
(4) Data and results. 
General discussion of results and conclusions for experiments are made 
at the end of each part. 
GENERAL EXPERIMENTAL APPARAWS 
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The following apparatus with their specifications are used through-
out all the experiments: 
A. Lepel High Frequency Electronic Tube Generator 
(a) Model T-10-3--R 
(b) Serial No. 10-285 
(c) KVA 235 
(d) Voltage 230 
(e) Amperage 60 
(f) Cycles 60 
(g) Phase 3 
(h) Power output 10 kw 







Stepless thyratron control - to regulate power output 
Magnetic trip circuit breaker - for main power supply 
"On" and "off" push buttons 
"On" and "off" push buttons 
for filament power 
for plate power 
Hide range continuous grid control - to regulate grid 
current 
(f) Foot switch - on alternate control for plate power 
2 . Tubes 
(a) One ML-5606 Oscillator 
(b) Three 575~ Rectifiers 
(c) Three 678 Thyratrons 
B. 
3 . -vJater Requirements 
( a ) Quantity: 4 g.p.m. - to cool oscilla t o r tube 
(b ) Pr essur e : 35 to 60 p.s . i . 
(c) Temperature : Not to exceed 86 °F (at inlet ) 
4 . Dimen s ions 
( a ) 39" wide x 65" h igh x 51" deep. 
5 . vJeight 
( a ) Net : 1 400 lbs . 
Lepel Wat e r Recirculator 
(a ) Model PCP 2 /20 
(b ) Serial No . 239-A 
( c ) Voltage 115 
( d ) Amperage 1 2 
( e ) Cycles 60 
( f ) Phase 1 
C. Portable Potentiomet e r 
( a ) Manufacturer: Th e Leeds and Northrup Company 
(b ) Serial No, 2 765 3 
( c ) High s cale 0--80 mv with least count of 0 . 5 mv 
( d ) Low s cal e 0-16 mv with least c ount of 0.1 mv 
D. Lepel I nduct i o n Coil ( C- 68 22 ) 
( a ) S i ze 4" ins ide diameter a nd 4" in h e i ght 
(b ) No. of t urns 1 2 
( c ) Othe r induction coil s we r e made and u sed fo r Part 2 and 3 
of t h e Experimental Sec tion to a chie ve lowe r temp e r ature 
range of the workpiece. They are 8" in diameter and vary 
in height and number of turns . 
10 
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Ea Thermocouple Selection and Use 
The choice of a primary sensing element is to a large degree 
determined by the temperature working range; but also by working 
conditions under which the workpiece is subjected, the physical and 
chemical properties of the sensing elements and responsiveness and 
accuracy of measurementsa In selecting a suitable thermocouple for 
this investigation, data book and catalog (TC-1 2 ) of Barber Colman 
Company was consulted. A condensed version of the four popular ther-
mocouples in relation with their sizes and recommended temperature 
limits is shown by Table 1. 
Type OF Recommended Temperature Limits Atmospheric Conditions 
Thermocouple °F (Thermocouples protected) for which Element is 
Best Suited 
Copper- 14 gage --300 to +700 midly oxidizing 
Constantan 20 gage 
-300 to +500 and reducing 
Chramel- 8 qaqe -300 to +1600 Oxidizing or 
Constantan 14 qaqe -300 to +1400 neutral 
20 gage -300 to +1200 
Iron- 8 gage 0 t o 1400 Reducing or 
Constanta n 14 aage 0 to 1100 neutral 
2 0 gage 0 to 900 
Chromel- 8 aaae 0 to 2300 Oxidizing or 
' Alumel 1 4 qaqe 0 to 2000 neutral 
2 0 gage 0 t o 1800 
Tabl e 1 • CCMPARISON OF THERMOCOUPLES BY SIZE 
F rom Table One choice was made of a chrome l-alumel t hermocouple 
of gage 20, since i ts range covers t h e t emperat ure range wanted in 
t h i s inve s t igat ion and s ince 2 0 gage is t h e smallest diameter wire 
available commercially. However, an iron constantan thermocouple 
which has the s ame magnetic property as chromel-ahn:nel could also 
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be used. 
F. Steel Rod with Thermocouple 
(6) 
A SAE 1040 steel rod of l" in diameter and 3' in length with a 
polised surface vms used throughout the experiments. A Chromel-
alumel thermocouple of gage 20 (CA 20) was attached with the metal 
surface by: (1) drilling two 0.0350" holes l/16" deep and 1/16" 
apart, (2) inserting the two thermocouple leads into the two holes 
by force, (3) and peening the surface around each hole to force the 
leads to be imbedded securely under the metal surface as shown by 
Fig. 4-l. This attachment of thermocouple leads with a third metal 
and for measuring the temperature of the metal is valid according to 
the thermoelectric laws, provided the tenninals of the leads in the 
metal are at the same temperature. ( 6 ) 
~\Teber, R.L., 
Hall, 1950. 
Heat and Temperature Measurement. 
pp. 57-58. 
N. Y., Prentice 
G. Timer 
For measurement of duration of time in minutes and seconds 
l. General Procedure for Starting Induction Heating Unit 
(a) Turn on water recirculator. vfater temperature should be 
under 86 °F. VJater pressure should be under 50 p.s.i.g. 
(b) Turn on the power input to electronic tube generator 
(c) Start the machine and allow 30 minutes for warming up 
(d) Turn thyratron control knob to maximum power position 
(e) Apply power load and observe plate current 
(f) Adjust grid control until reading of grid current is 
within 10 - 15% of plate current 
PARr I 
PRELIMINARY EXPERIMENTS 
EXPERIMENTS FOR PRELIMINARY INVESTIGATION 
There are six experiments under this heading: 
EXPERIMENT N0.1 - Investigation on heating of thermocouple in 
different positions 
EXPERIMENT N0.2 - Effect on induction heating of thermocouple 
when an A-C filter is employed across its wires 
EXPERIMENT N0.3 - Induction heating effect on mercury in glass 
thermometer 
EXPERIMENT N0.4 --Attempt of calibrating thermocouple reading 
against that of a thermometer 
EXPERIMENT N0.5 - Attempt of calibrating thermocouple reading 
against that of an optical pyrometer 
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Investigation of diffenerce in surface temperature 
measurements by diffenent gages of thermocouple 
14 
EXPERIMENT NO. 1 
PURPOSE: The purpose of this experiment was to investigate (1) the 
degree of heating of a bare thermocouple by induction heating 
and (2) the influence on heating of thermocouple in different 
positions. 
APPARATUS: Induction heating unit, induction coil, potentiometer, 
CA20 thermocouple and timer, all described under "General 
Experimental Apparatus". 
PROCEDURE: After the induction heating unit was readied for operation, 
a CA20 thermocouple junction was placed in the middle of the 
induction coil by coming down from without along the vertical 
axis of the coil (position No. 7 in Fig. 1-1). An e.m.f. 
reading was recorded through the use of a potentiometer for 
heating the junction in this position after a time duration. 
Then the thermocouple was placed in a horizontal position 
as indicated by position No. 2 in Fig. 1-1. Readings of 
e.m.f. were also taken after a time duration. 
DATA: (See Table 1-l) 
Chromel-llumel No. 20 










Position No. 2 
Fig. 1-1. LOCATIONS OF THERMOCOUPLE FOR EXP~T NO. 1 
15 
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Position of Time Duration Potentiometer Corresponding 
Thennocouple (min.) Reading (mv) Temperature in 
(Of) 
out of coil 0.95 80 
No" 1 2.5 12.2 572 
No . 2 l 12 .4 581 
No . 1 1 12.4 581 
TABLE 1-1 
DATA FOR HEATING OF THERMOCOUPLE IN DIFFERENT POSITIONS 
EXPERIMENT NO. 2 
PURPOSE: The purpose of this experiment was to investigate the effect 
of a l m.f.d. condenser, connected across thennocouple wires 
and acting as an A-C current filter, on the reading of em£ 
and upon induction heating of the thennocouple junction. 
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MATERIAL AND APPARATUS: A l m.f.d. condenser, induction heating unit, 
thennocouple (CA20) and potentiometer as 
described under "General Experimental Apparatus". 
PROCEDURE: Condenser was connected across two lead of CA20. Then, the 
thennocouple junction was heated by induction to a steady 
state temperature and cooled. 
DATA AND RESULTS: Data is tabulated in Table 2-l of the following page. 
A graphical representation of experimental results is 
shown in Plate 2-l. 
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Power Time (min.) Thermocouple Temperature (°F) 
Reading (mv) 
1 1 0 8_Q_ 
l/4 9.4 450 
2 12.9 605 
2 1/2 13.3 620 
3 13.5 630 
On 4 13.7 640 
5 13.5 630 
5 1/2 13.8 640 
6 13._8 640 
7 13"'8 640 
8 13 8 640 
9 13. 45 625 
9 1/2 13.45 625 
10 6.3 310 
10 1/2 3.7 195 
11 2 .65 150 
11 1/2 2 .1 125 
Off 12 _L_Z 110 
12 1/2 1.5 100 
13 1.4 95 
- 13 1/2 1.3 90 
14 1.2 85 
15 1.15 82 
16 1.1 81 
Table 2-1 
DATA FOR EXPERIMENT WITH A-C FILTER 
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ENPERIMENT NO. 3 
PURPOSE: The purpose of this experiment was to observe the influence 
of induction heating on mercury-filled thennometer. 
MATERIAL AND APPARATUS: Mercury-filled thennometer of range 100 ° to 
950 °F, and other apparatus mentioned by 
"General Experimental Apparatus". 
PROCEDURE: The thennometer was held in the middle of the induction 
coil. Different readings were taken while heating and 
cooling it. 
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DATA AND RESULTS: The data obtained is tabulated in Table 3-1. Plate 
3-l is a graphical result of this experiment. 





On 15 550 
30 700 
45 850 
1 min. 925 
1 1/2 min. 575 
1 3/4 min. 450 
2 min. 350 
2 1/4 min. 300 
2 1/ 2 min. 250 
Off 2 3/4 min. 225 
3 min. 190 
3 1/2 min. 160 
3 3/4 min. 1 45 
4 mina 130 
4 1/ 2 min. 115 
5 min. 100 
Table 3-1 
DATA FOR THERMOMETER, INDUCTION HEATING 






EXPERllfENT NO,. 4 
PURPCSE: In this experiment, attempt was made by using a thennometer, 
to measure the surface temperature of a SAE 1040 carbon steel 
rod and to calibrate its temperature reading against that of 
a thennocouple,. 
MATERIALS AND APPARATUS: In this experiment standard apparatus of 
induction heating, potentiometer, timer, 
thermocouple and steel rod as described 
under "General Experimental Apparatus", 
were used. A thennometer well was drilled 
off--center at one end of the rod in order 
to provide 3" of innnersion for the thennometer a 
The well was 3/8" in diameter, 3 7/8" deep and 
1/16" from the surface of the rod. {See Fig. 
4-1). SAE 50 motor oil was used to fill the 
thennometer well. The mercury-in-glass 
0 thennometer was of range 100-950 F. 
PROCEDURE: The steel rod was placed in position as shown by Fig. 4-1 
with thermocouple ends connected with potentiometer. It 
was heated to a steady state temperature. Simultaneous 
readings of thermocouple and thermometer were taken during 
period of cooling. An attempt was also made in taking 





3/8 in. Thermometer 
Well 
I I 



















eening used with 
/32" Drill 
SAE 1040 Rod Supported 
I 
j 
Fig. 4-1. Experimental S.t-Up for Calibration ot 




DATA: I. Steel rod was heated to an equilibrium temperature of 1,450 °F. 
II. Time required to heat up the rod under minimum power was 
33 s econds from 120 °F to 800 °F. 
III. Table 4-1: 
1 2 3 4 5 
Time Potentiometer Corresponding Thennomet er Difference 
(Min.) Reading (mv) Temp. for mv Reading (°F) in Temp. 
(Of) (4)-(3) 
1/2 7.25 355 385 30 
1 7.00 345 375 30 
1 1/2 6.75 330 365 35 
2 6.60 325 355 30 
2 1/2 6.50 320 347 27 
3 6.25 307 339 32 
3 1/2 6.10 300 331 31 
4 6.00 295 324 29 
Average 30 
COMPARISON OF THERMOCOUPLE AND THERHOMETER READINGS DURING NA'IURAL 
COOLING 
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DATA: (Continued) Table 4-2. 
l 2 3 4 s 6 7 
Trial Time Thennometer T .. c. Reading T,.c. Temp. Temp. lag Temp. (Sec.) Reading (°F) (mv) (OF) of Thenn. lag 
(5),-(2) ( 4) -"Jo 
( 2 )"Jo 
{ 4)"/o 
First 10 125 8.00 385 260 67.5 
20 175 15.50 715 540 74.5 
30 300 18 .. 25 830 530 63.8 
Second 15 320 14.00 650 330 51.0 
30 445 21.00 945 500 53.0 
DATA FOR COMPARING TfffiRMOCOUPLE AND THERMOMETER READINGS DURING INDUCTION 
HEATING 
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EXPERTI1ENT NO. 5 
PURPOSE: In this experiment attempt was made to calibrate the thenno-
couple reading against that of an optical pyrametera 
DISCUSSION: Since an optical pyrometer is generally used for high 
temperature, the coupling of the induction heating unit 
should be increased to afford more efficient heating, 
thus achieving a higher steady state temperature of the 
part within the temperature range designed for the optical 
pyrometer. 
TlliTING APPARATUS: Induction heating unit, potentiometer, timer, and 
steel rod with thennocouple as described before. 
Optical pyrometer was made by Leeds and Northrup 
(Serial No. 372702, Cat. No. 8621) with low range 
1400-2250 °F and high range 1950-3200 °F. General 
lay-out of this experiment is shown in Fig. 4-1. 
PRCCEDURE: The steel rod was heated up to a steady state temperature. 
Thermocouple and optical p~rometer readings of the surface 
temperature were taken simultaneously and were repeated. 
DATA AND RESULTS: The data has been tabulated in Table 5-l. A 
difference curve that represents graphical results 
is shown by Plate 5-l. 
1 2 3 4 5 
Potentiometer Temp. Corresp. Optical Optical Corrected Temp. Difference 
Reading (mv) to mv. t (°F) Pyrometer for black bf~~ t * t 0- t 
RAArli nrr to from 1;Jeber in (°F) 
(oF) (oC) (OC) (oF) Before Corr. After Carr • . 
35.25 1527.5 1528 831 851 1564 •0.5 +36 
35.2 1525 1508 820 840 1544 -17.0 +19 
35.25 1527.5 1519 826 846 1555 _g..5 +27 
35.4 1535 1548 842 862 1583 +13.0 +48 
Table 5-1. 
CALIBRATION OF THERMOCOUPLE AGAINST OPTICAL PYROMETER 
(7) Weber, opa cit., pp. 122 and 404. 
1 1 ... A. 
For Eq. 11, T - s~ "'"'C2 ln E.,... , assuming A ~ o.6§/~ , c2 ~ 1.432 em. deg. 
and ~ 0. 6 5 "' ""' o. 7 I 
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EXPERIMENT NO. 6 
PURPOSE: The purpose of this experiment was to investigate the differ--
ence in surface temperature measurement of a SAE 1040 steel 
rod undergoing induction heating by the use of different gages 
of thermocouples. 
MATERIAL AND APPARATUS: The following thermocouples were used during 
this experiment: CA 20, CA 14, and CA 8. 
Other apparatus employed are described under 
"General Experimental Apparatus". 
PROCEDURE: The leads of each of the three thennocouples were imbedded 
by drilling and peening about l/16" deep in the rod and 
were l/16" apart from other thennocouples. They were 
located in an isothermal plane which is perpendicular to 
the axis of the rod. Steady state temperatures were reached 
and measured by different gages with CA 20 as standard. 
Readings also were taken by each thennocouple of e.m.f. 
after 5 second power cut-off (useful for Part III of 
Experimental sections). 
DATA: (See Table 6-l) 
31 
I tan Gage Steady State Temp. 5 Sec. power Drop in 
f"l1t (OF) 
(mv) (OF) (mv) (OF) 
1 CA 20 15.5 715 15.35 708 70 
2 CA 14 15.2 700 15.05 695 so 
3 CA 8 15.3 705 15.15 699 60 
Table 6-la 
DATA FOR COMPARISON OF DIFFERENT GAGES IN THERMOCOUPLE 
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DISSCUSSION AND CONCLUSIONS FOR PART I 
In experiment No. One, the data indicates rapid heating of bare 
thermocouple junction in two and one half minutes from 80 oF to 512 °F. 
With an increase in coupling in the induction heating unit, lt may be 
safely predicted that the thermocouple may be heated up more rapidly. 
Hm.vever, this heating up of the thermocouple does not apply to cases of 
thermoelectrical measuring of temperature of metal undergoing induction 
heating, for it has been proved in latter experiments that the induction 
heating effect on the thermocouple is dependent on the material in which 
it is imbedded. In the first experiment, the material is air. Table 1-l 
also renders the conclusion that the effect on the thermocouple by 
induction heating is independent of the position taken by it. 
The situation of the rapid heating of the thermocouple joint was not 
improved by the introduction of an A-C filter across the leads in 
Exp't. No. 2. The use of a 1 m.f.d. condenser did not prevent the 
rapid heating of the joint to a high steady state temperature of 640 °F 
in less than two minutes. A clear indication is shown by Plate 2-l. 
The use of a thermometer for measuring low surface temperature of 
metal by holding it against metal surface was discussed by ·Heber (8 ) 
and Marks' Handbook ( 9 ); however, this method is useless when considering 
its application in the case of induction heating. This conclusion is se-
curely reached by observing the results of Experiment NQ. 3 where a 
mercury in a glass thermometer was heated up by induction from 80 °F 
to 925 op in only one minutes time. Plate 3-l shows clearly the rapid 
heating and rapid cooling of such a device. 
(8) Weber, opR cit., p. 312 
(9) Engineering Measurements. Marks' Mechanical Engineers' Handbook. 
1951 Ed. p. 2067. 
Another method of measuring surface temperature by thermometer was 
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attempted in Experiment No. 4 where an effort was made for calibrating 
thermocouple reading against that of a thermometer. A thermometer well 
was used in accordance with the description in Marks' Handbook. (10) 
(10) Ibid. 
Table 4-1 shows the validity of thermometer and thermocouple in measuring 
the temperature of the rod surface in the absenae of induction heatingR 
A reasonable average temperature difference of 30 °F between the two was 
due to temperature gradient in the rod and the low conductivity of SAE 50 
motor oil which acts as the thermometer well filler. In the case of 
induction heating owing to rapid heating of the steel rod, a show of 
51 to 74.5% thermometer temperature lag (Table 4-2) from thermocouple 
reading makes thermometer unusable. Experiment NoR 4 has proved at 
least t he usabili ty of the designed thermaoouple junction in measure-
ment of surface temperature of a steel rod under normal heating and 
cooling conditions. Verification for use of t his set-up under induction 
heating was touched by Experiment No. 5 and more so by Part II a nd 
Part III of the Experimental Sections. 
In Experiment No. 5 readings of surface temperature were actually 
34 
checked by an optical pyrometer. The temperatures measured were about 
a narrow range along the steady state temperature of the steel rod since 
optical pyrometer is not adoptable for measuring temperature in trans-
ient. Non-black body correction was made to each optical reading for the 
oxidized surface of the rod, as shown by Table 5-l. In Plate 5-l, two 
temperature difference curves were drawn; one before and one after the 
correction for optical pyrometer readings. The difference curve of 
"after correction" deserves particular attention. In this curve we 
observe a decreasing trend of difference between the thermocouple 
reading and the optical reading. If the corrected optical pyrometer 
reading is assumed to be a measurement of the true surface temperature of 
the rod, then at a true reading of 1525 °F, the reading by the thermo-
couple is off by 20 °F. However, due to the uncertainty of emissivity 
of the rod surface and the difficulty of "viewing" the rod surface by 
an optical pyrometer, the corrected reading cannot be assumed to be 
the true surface temperature, but rather, close to it. Thus, at this 
stage, it can be concluded that the designed thermoelectric device 
for the measurement of surface temperature of metal undergoing induction 
heating passes the preliminary investigation of its validity for such 
use. 
In Experiment No. 6, taking CA 20 as a standard, it is observed that 
the larger the diameter of the thermocouple wires the lower the temper-
ature reading away from the true temperature there will be. This verifies 
directly the prediction made by Eq. 1 on error in temperature deter-
minatJ.on by a thenn.ooouple. From Table 6-1, we observe a decrease of 
10 °F from true temperature reading by a c~ 8 thermocouple. However, 
e.m.f. drop in each of the gages due to 5 second power cut off shows no 
significant difference. 
PARI' II,. EXPERIMENTS FOR INVESTIGATION OF 
INDUCTION HEATING EFFECT ON THERMOCOUPLE 
IMBEDDED IN DIFFERENT MATERIALS 
In this part of the investigation, two experiments were performed 
for determining the behavior of the thermocouple e.m.f. reading while 
it is embedded in dif ferent materials; non-metallic for Experiment No. 
7 and metallic for Experiment No. 8. 
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EXPERIMENT NO. 7 
PURPOSE: This experiment was designed to investigate the effect of 
induction heating on thennocouples while embedded in different 
non-met allic materialsa 
PLAN OF EXPERIMENTATION: Test No. l involved thennocouple heated in air; 
Test No. 2 involved it with water; and Test No. 
3 involved a thennocouple in a dry pyrex test 
tube which in turn was immersed in a beaker of 
water. 
MATERIALS AND APPARATUS: Induction heating unit, CA 20 thennocouple, 
PROCEDURE: Test No. l: 
Test No. 2: 
Test No. 3: 
portable potentiometer, timer; all as des-
cribed under "General Experimental Apparatus"; 
a 4" beaker and a pyrex test tube with stopper. 
Thennocouple junction was heated by induction 
heating in air until t he reading by potentio-
meter indicated steady state. 
Thennocouple junction was immersed in water 
contained i n a beaker and heated up t o steady 
s tate. See Fig. 7-l. 
Th e nnocouple was inserted in a clean pyrex test 
tube, and t he whole device was immersed in a 
beaker with water. The complete set-up was heated to steady 
state by induction heating. 
DATA AND RESULTS: Data fo r Test No. 7 is tabulated in Table 7-l. Data 
f or Test No. 2 is tabulated in Table 7-2. Data f or 
Test No. 3 is tabulated in Table 7-2. Plate 7-l gives 
graphical representation of the results. 
---- - - - -- - ---·-- -· --
I 1 A No • 20 Thermocouple Connected I ; I with Potentiometer 
lq 
I ' 






Fig. 7-1. DESCRIPTION OF APPARATUS FOR TEST NO. 2 1 EX.P•T. 7 
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' Power Time (Min.) T. c. (mv) Corres. Temp. ' (Of) • 
1 1.1 80 
2 13.2 615 
2 1/4 13.2 615 
2 1/2 13.2 615 
On 2 3/4 13.1 610 
3 13.0 605 
3 1/4 13.2 615 
3 1/2 13.2 615 
3 3/4 13.1 610 
4 13.2 615 
4 1/2 6.3 310 
4 3/4 4.3 220 
5 3.5 185 
5 1/2 2.7 155 
Off 6 2.1 125 
6 1/2 1.8 115 
7 1.5 100 
8 1.3 90 
9 1.15 85 
10 l.l 80 
Table 7-l. 
DATA FOR INDUCTION HEATING OF THERMOCOUPLE 
IN AIR 
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Power Time (Min.) T. c. (mv) Cor res. Temp. (oF) 
l 1.,15 85 
l l/3 3.55 190 
l l/2 3.55 190 
l 3/4 3.55 190 
2 3.55 190 
' 
2 l/4 3.,55 190 
On 2 l/2 3.55 190 
2 3/4 3.55 190 
3 3.55 190 
3 l/4 3.55 190 
3 l/ 2 3.55 190 
3 3/4 3.55 190 
4 3.55 190 
4 l/12 1.35 95 
Off 4 l/6 1.15 85 
4 l/4 1.15 85 
4 l/ 2 1.15 85 
Table 7-2 
DATA FOR INDUCTION HEATING OF THERMOCOUPLE IN WATER 
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Power Time (min.) T. c. (mv) Corres. Temp. (OF) 
1 1.15 52 
1 1/ 2 12.0 560 
2 14.7 680 
2 3/4 15.5 715 
On 3 15.5 715 
4 15 . 5 715 
5 15.5 715 
6 15.5 715 
7 15.5 715 
7 1/6 ll. 8 555 
7 1/ 2 7 .3 355 
8 4 .55 230 
Off 8 1 / 2 3 .2 175 
9 2 .5 1 45 
9 1/ 2 1. 75 11 0 
1 0 1.5 1 00 
11 1.2 85 
12 1.15 52 
Table 7-3 
DATA FOR INDUCTION HEATING OF THERMOCOUPLE IN AIR AND WATER 
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EXPERIMENT NO. ~ 
PURPOSE: This experiment was a continuous effort following Experiment 
No. 7 in the investigation of induction heating effect, if 
any, on the reading of e.m.f. of a thennocouple which is 
imbedded in different materials. The materials used for this 
experiment were laboratory pure zinc, lead and tin. 
PLAN OF EXPERIMENTATION: This experiment differed from the last one in 
the way that metals were used which could be 
heated up by induction heating. The logical 
place to check the influence of induction 
heating, if any, was the melting temperature of 
each of the pure metals by its respective 
heating and cooling curves. 
:MATERIALS AND APPARATUS: Induction heating unit, portable potentio-
meter, timer, fire clay crucible, (2" in dia., 
3" in height), fire brick, pure laboratory 
zinc (melting point ~ 787 °F or 419.5 °C), 
pure laboratory lead (melting point ~ 621 °F 
or 327 °C) and pure laboratory tin (melting 
point~ 450 °F or 232 °C). 
PROCEDURE: (applies also to testing with lead and tin) 
1. Pieces of pure zinc were melted in fire clay crucible 
until the molten surface reached about 3/4" from the 
top of the crucible. 
2. Immersed the thennocouple junction in molten zinc to a 
depth of about 1/2" as indicated by Fig. 8-1. 
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PRC:CEDURE: (Continued) 
3. Heating was stopped for allowing metal to solidify with 
inclusion of thennocouple junction. 
4. Turned on induction heating to melt the solidified zinc. 
s. 
6. 
Took the~ocouple reading every 10 seconds, (method A of 
heating). 
After reaching a temperature much higher than its 
melting point, zinc was allowed to cool. Readings were 
taken every 10 seconds during cooling. 
After reaching its room temperature, the solidified zinc 
was broken loose (with imbedded t hennooouple) from the 
crucible. This was accomplished easily by mild vibration 
of the crucible. 
7. Lowered crucible and its support by 3/4", thus causing 
the solid zinc t o suspend in the crucible as indicated 
by Fig. 8-2. 
8. Zinc was melted in this position. Readings were taken. 
The melting point was observed while zinc melted around 
the t hermocouple junction and dropped into the crucible. 
(Method B of heating) 
DATA AND RESULTS: For zinc- Table 8-1, Table 8-2, Table 8-3, Plate 8-1 
For lead - Table 8-4, Table 8-5, Table 8-6, Plate 8--2 
For tin- Table 8-7, Table 8-8, Table 8-9, Plate 8-3 
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Fig. 8-1. I NDUCTION ~ATING OF PURE ML~AL (Mh~EOD A) 
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Fig. 8-2. I NDUCTION HEATI NG OF PURE METAL (METHOD B) 
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Time (mv) Temp. Time (mv) Temp. Time (mv) Temp • . (Sec.) (OF) (Sec.) (OF) (Sec.) (OF) 
0 3 .5 185 10 15.5 715 40 18.3 830 
30 6 295 20 15.5 715 50 18.7 850 
1 min 7.5 365 30 16 735 8 min 18.8 851 
10 8 385 40 16.5 755 10 18.8 851 
20 8.75 420 50 16.5 755 20 19 865 
30 9.5 455 Sn'lin 16.75 765 30 19.3 873 
40 10 475 10 17 780 40 19.5 885 
50 10.5 500 20 17 780 50 20 905 
2 min11 520 30 17 780 9 min 20 905 
10 11.5 540 40 17. 2 786 10 20.3 915 
20 11.75 550 50 17. 2 786 20 20.8 935 
30 1 2 565 6 mir 17.3 790 30 21 945 
40 12.5 585 10 17.3 790 40 21.5 970 
50 13 610 20 17.5 800 50 21.5 970 
I 
3min 13.5 630 30 17.5 800 10 min 21.8 980 
r 
10 13.6 635 40 17.5 800 30 22 .5 1010 
20 1 4 6 50 50 17.8 810 11 mi n 23 .5 1055 
30 1 4 . 25 660 7 min 17.8 810 10 23.6 1060 
40 1 4 .5 670 10 18 .82 0 30 24 1070 
50 15 6 90 20 18 ·:1820 50 24.3 1085 
4min 15.3 705 30 1 8 .3 830 1 2 min 24 .5 1095 
Table 8-l . 
I NDUCTION HEATI NG OF ZINC (METHOD A) 
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Time (mv) Temp. Time (mv) Temp. Time (mv) Temp. (Sec.) (OF) (Sec.) (oF) (Sec.) (OF) 
0 20 905 30 16.8 770 7 min 14.75 6~n 
10 19.6 890 40 16.8 770 10 14.3 664 
20 19.3 875 50 16.8 770 20 14 650 
30 19 861 4 min 16.7 765 30 13.75 639 
40 18.7 850 10 16.7 765 40 13.5 628 
50 18.4 840 20 16.6 760 50 13.5 628 
1 min 18.2 830 30 16.6 760 8 min 13.5 628 
10 18 820 40 16.6 760 30 13 605 
20 17.5 800 50 16.55 758 9 min 12.3 575 
30 17.2 786 5nin 16.55 758 30 12 560 
40 17.2 786 10 16.55 758 10 min 11.4 535 
50 17.2 786 20 16.55 758 30 10.8 510 
2 min 17.2 786 30 16.55 758 11 min 10.7 50~ 
10 17.2 786 40 16.5 755 30 10.2 485 
20 17 776 50 16.5 755 12 min 10 475 
--
30 17 776 6 min 16.3 745 30 9.5 455 
40 16.8 770 10 16 715 13 min 9.25 420 
50 16.8 770 20 15.5 715 30 9 430 
-
3 min 16.8 770 30 15.5 715 14 min 8.5 410 
10 16.8 770 40 15.3 705 15.5 m 8 385 
--
20 16.8 770 50 15 690 18.5 m 6.8 334 
Table 8-2. 
COOLING OF PURE ZINC 
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Time Temp. Time Temp. 
(Sec.) (mv) (OF) (Sec.) (mv) (OF) 
0 5.5 275 40 17 .. 1 783 
10 6.5 320 50 17.2 786 
~·-· 
20 7.5 365 4 min 18 820 
30 8.,25 397 10 20 905 
40 9. 25 445 20 20.5 907 
50 10 475 30 21 945 
1 min 11 520 40 215 970 
10 12 560 50 21.5 970 
~ 
20 12.5 585 5 min 22 990 
30 13.5 627 
40 14.25 660 
50 15 690 
2 min 16 735 
10 16.5 755 
20 16.75 768 
30 16.8 770 
50 17 780 
3 min 17 780 
10 17 780 
20 17 780 
30 17 780 
Table 8-3. 
INDUCTION HEATING OF ZINC (METHOD B) 
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1135 Time (mv) 
(Sec.) 
1148 30 28 
1180 45 28.5 























I NDUCTION HEATING OF 
LEAD (METHOD B) 
Temp., 




OF LEAD (method A) 
1285 
50 
Time (mv) Temp. Time (mv) Temp. Time (mv) T~. (Sec.) (Of) (Sec.) (OF) (Sec.) ( F) 
0 20 905 30 14.5 670 7 min 13 605 
10 19.5 885 40 14.25 660 10 13 605 
20 18.7 852 50 14 650 20 12.6 590 
t--
30 18.75 852 4 min 14 650 30 12.5 585 
40 18 820 10 14 650 40 12.5 585 
50 18 820 20 13.75 640 50 12.4 580 
1 min 17.5 800 30 13.5 630 8 min 12.25 575 
10 17 777 40 13.5 630 30 12 564 
20 17 777 50 l3a5 628 9 min 1L2 530 
30 16.75 767 5 min 13.5 628 30 10.7 508 
40 16.5 755 10 13.25 617 10 min 10.4 495 
50 16.25 745 20 13.25 617 30 9.7 465 
2 min 16.25 745 30 13.25 617 11 min 9.5 454 
10 16 735 40 13.25 617 30 9.3 445 
20 16 735 50 13.25 617 12 min 8.8 425 
30 15.5 715 6 min 13.25 617 30 8.5 410 
40 15 690 10 13. 25 617 13 min 7.8 380 
50 15 690 20 13 605 14 min 7.4 360 
3 min 14.75 681 30 13 605 15 min 7 340 
10 14.5 670 40 13 605 16 min 6.4 315 
20 1 4 .75 681 50 13 605 18 min 5.7 285 
Table 8-6. 
COOLING OF PURE LEAD 
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r----
Time (mv) Temp. 
(Sec.) (FO) 
Time (mv) Temp. 
(Sec.) (OF) 
0 3.0 165 0 4.0 207 
10 4.35 225 
20 5.2 260 10 5.5 275 
30 5.5 275 
40 6.1 300 20 6.2 305 I 
50 6. 75 330 
l min 7.3 350 30 7.3 355 
10 7.65 370 
20 8.05 390 40 7.75 375 
30 8.5 410 
40 8,.75 420 50 8.4 405 
50 8.8 423 
2 min 8.9 427 1 min 8.65 415 
10 9"0 430 
20 9.2 440 10 8.65 415 
30 9.2 440 
40 9.5 453 20 8.7 418 
50 9,5 453 
3 min 9.5 453 30 8.7 418 
10 9.6 457 
20 10 475 40 8.75 420 
30 l0n35 490 
40 11 520 
50 11.9 560 Table 8-8 




30 14.3 662 
INDUCTION HEATING OF TIN 
(METHOD B) 
Table 8--7 
INDUCTION HEATING OF 
TIN (METHOD A) 
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' 
Time (mv) Temp a Time (mv) Temp. Time (mv) Temp. 
(Sec.) (OF) (Sec.) (OF) (Sec.) (OF) 
---
0 11.9 560 30 8.75 420 40 8.65 415 
10 11.35 535 40 8.75 420 50 8.65 415 
20 11.15 525 50 8.75 420 9 min 8.65 I 415 
30 ll.l 520 4 min 8.75 420 10 8.5 410 
40 10.7 505 10 8.75 420 20 8.3 400 
50 10.5 497 20 8.75 420 30 8.2 395 
l min 10.35 491 30 8.75 420 40 7.95 385 
10 10.25 485 40 8.75 420 50 7.85 380 
. 
20 10 475 50 8.75 420 10 min 7.75 375 
30 9.9 475 5 min 8.75 420 30 7.4 360 
4d 9.7 465 10 8.75 420 11 min 7.25 351 
50 9.55 455 20 8. 75 420 30 7 340 
2 min 9.43 450 30 8.75 420 12 min 6.85 335 
10 9.25 443 40 8.75 420 30 6.6 325 
20 9.2 440 50 8.75 420 13 min 6.3 310 
30 9.15 437 6 min 8.75 420 14 min 6.1 300 
40 9.0 430 7 min 8.75 420 15 min 5.75 285 
50 8.8 421 8 min 8.7 419 16 min 5.4 270 
3 min 8.8 421 10 8.7 419 17 min 5.2 260 
··-
10 8.75 420 20 8.7 415 18 min 5 250 
---
20 8.75 420 30 8.65 415 19 min 4.8 242 
Table 8-9 
COOLING OF PURE TIN 
. ~ ; :' .. ~~- ~ . . . I . ! I ! T 
1-·--' ,_f-: -' -' -'' h-'-+-c' -1: ~ 1-'-+:--1f-·._·+~-- -+--·+-! ~· ~-·. i. :J i- · , , I'; • i ~::-r: :-- I: --~-~~- ~------:-: , _:_~.·_: ,...._.....·+1 ~-,-'--l· :,..........+--'-+ -· -+-....;_ 
.; . ... . .... . il ~i · .. ··. : ,~ . - . .. -. ~ _ : : ·:· ., ! ... . 
! .. ., . 1-. - I 
i: • .I 
: · , . 
;, . :! I I I : . \ · .. · . ..,, ' . . ' . ~; • I . ..: •. ,.. . '! _; .· 
W· i. Iii. ; ; :; :: ·.. --+-\, .-.. -+--+--+-+-,,y-1· :...t. - il, :\ 1' . . . . - ... .. ' . ; :; t I .. +----+-----+-·:4- -1-+---+--+-+- I ' . '! . . . T 
--- j . .. . ' ' - • . I ' I • ' . I ' f :~; :I: . ' ! . 
I' ::r ~ r~ · w~T .. ~~· .. - +--11 -, ·. --+-·--+-·._ --wr-.-· I -:.---1:.· ~-: .. ·-+ :'1 ._ : -~· ~-.-:-!-'1\~\-- +: _._:+-:-· :--+ . .,.....: ·-· ·+-1_ .. -+· --. +-1 .-.. -+-------+--J--..j...:.;._· .:..j. _ · · _;__·· ~- --+-------+--· . ~--· -1 --+---+. I -'-: : ~)~~ : ::. ' , J • • :!.~ 
·' · . , · • · ·: · !· · · ,1 I· 1 I 
· t ' , -' \ · 1 ' ' · j . : . : · _:; : ; · ~- r · : ' - · :: i · : · 
·-·· .'" : ~ : · ... . ' . . ,, 
•: ~ ; . _.;_; ; I I i ! '""' '' 'I ' ll ' . , ... , .. I r-:=.-~. :-K~ < ~11 ::_·. ·. '/! - l~-- . --~--~ -:t : :. I .. I :· . . :•:: · 1-- -i-11 -r---f--~ . :,::·· :. :·!· f . -~-t: ...... -- ~· ~ ~~~-~~+-> 
""' I ..... ._ . . : ' j ·. . i '. T . I X .: :i: : !( .· .• : . T :: :! :: :.: . 
' ' ~ I i ~"'"' I I I . . I : ; . I .. ': .. . . . . ' . : I . . . ; ':. . . : . : ~ . J . . . .. ' :. I . . . ., J : . ' . ---~~ ~ --~ -t;i-- - ,·--,-- ----- -j - --~-- r- _l: r ' 7t-~~~ -~-r-1--:-·; -~ ~ -... . r· ~ ~:~t:·· . ;,,~-~ ~· . -r~-~ : -~!~ ~ ::j---- . ~~~ :__,, . ~~~--
1--0f~..::..,.-1-'-+--+--++---1--t-+- i I . i . . I ; . . . i I . ' ' . . . . ' j ' ' . : i . . . . : ; 
+-:. -. ;{ -1' i !I I i: ' : j ' .. . ! i . , · i :! . I i . . I . ·1: . . ' i. . , ,: _ -~ -4 -- ~ ----· -- t ___ ----- --- - ----~---- . · . -~ --1------~ - ~---- -r· · -.- ~ -~-~~·- ~:.J_.__._ t - - ---~--~~F~ -L- - · • : __ 
· , . ~ 1 , 1 . - r 1 .. • • . · , .· 1 .. . . · . · 1· •..• . ! .. · • ... · I • · 1. • • . 1 . . : r 
·t ' ;.-.,i... I i ! · .;· :. : · · ·1 ' , . . ;· :. '·· · ·. · ~·· . · · . ... ·j. _ . . , . 
::.: ' I· ~~ < ·. H~ATI.' ~. · . ! . ' 1 · . ! :: ·:: ' ~~~. ·· ~ · r~ > i: . : l ' l : : . . ·· L.J~A+ru. :: :1: • : :.: :.t ~7f?. -~J-! ,: · ~· N'f_r'Ho:~~ ---t~~ --t7 --r~ - -- ~~:-~~T~r~ .- : ~ ~ --· -_ t - :--r-·~ ~~- ~~~~;r.H~D ~:;-;- :~~~~-, ~T~~ 
. I ; i : ; ; ~ . f ' I ' j_1 ' j ' I '!' . '. : l . . ' I ~~ l'. •li : ' ·I . .. i ! .... i . . ') • ·[· (~ . ., ~ ,.: : i: ::: I.' ; 
f-'---. : 1 : : . : ~i-- - ---i ---4~.- - 1 -~~--t----C~~~. -.-:.c· ---~ . 1---~F-r-~- ~~--· 1-~I!"'~-~· ~--~~ · -L1 -~~·:!~-...,r :- 1. :..:..:.. ;;~-----:--- · . · · · : : · : · : 1~ 
' ·. :. . ' ' .. I' I' ' , I I ' . I . . ' . . . , ' ' • • . • • . ; . . '!Ill ,- I· f ' -,. ' '+ 
' . . ' . I i : . I : I ' .. . . . ; . i I : · . 1·: • I .. . : ' ...•. :t 
.·: ·. i; __ :.' >! ·. . i I . I . I: . I . . ! .:.;.n~~ :: t.~ ... -J· I . 4• .. i • . • . . · : . . i .i, :... 11 . _ ... . ''i' . .: : ~l . 
. . I . . • ~ I J l . j ' I l~uo... t.- f i .. IJ¥• i .. ' . . . ' . . . . . . . ... ~Ii.·T;~-;-: ~r: ~ · .:(~~---:--- -- 1~-~ · ~---- -- - ~-- -~ -:--r :- .. :: ;_:~t~~, i ~ : :l:d: . 1-:: ·: .l ~· -~T2 I: +• ::. :;~.; ~:. · ::: ~ ; ~ :.1 : ·=.21 ::. : :_.~:~IS 
--
DISCUSSION AND CONCLUSIONS FOR PART II 
DISCUSSION OF RESULTS 
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Plate 7-1 of Experiment No. 7 shows that a different steady state 
temperature was reached in each of the tests of the thennocouple in 
different mediums. In Test No. l when the thermocouple was heated in 
air, the steady state temperature was 615 °F. However, a steady state 
temperature of only 190 °F was reached when the junction was heated in 
water in Test No. 2. In Test No. 3 1 highest steady state temperature 
(715 °F) of all was attained when the thermocouple was heated while 
encased in both air and water. 
In Experiment No. 8, the induction heating and nat ural cooling 
curves for pure zinc, lead and tin came out similar in shapes as the 
general heating and cooling curves of pure metal. The fo rmation of a 
slope, instead of a horizontal line at the melting point was due to the 
fact of progressive heating of metal from the surface of the crucible 
inward. The melting temperature of a metal in this case is taken as the 
point that bisects the slope on a heating or cooling curve. In each of 
the Plates 8-l , 8-2, and 8-3, two heating curves plott ed with di fferent 
methods are to check against a cooling curve for the melting point of a 
specific metal. Graphical r esults shown by the three plates indicate no 
disagreement between melt ing temperature measured by induction heating and 
that by natural cooling. 
CONCLUSIONS 
I t can be concluded f rom t he results of Experiment No. 7 that 
holding othe r factor s constant , the effect of induction heating on a 
ther.mocouple (mainly due to eddy-current and hysteresis losses) depends 
56 
on the material in which its junction is imbedded. The influence 
decreases as the heat and electrical conductivity of the mother material 
increases a 
Results of Experiment Non 8 show the melting points for pure zincp 
lead and tin as 787 °F, 621 °F and 420 °F respectively. With an allow-
able error of ! 15 °F for error in graphical determination, these 
temperatures were checked by both the heating and cooling curves of 
their respective materials. Thus, it can be concluded that the in-
fluence of induction heating on a thermocouple which is imbedded in 
+ 0 
a molten metal (zinc, lead or tin) is within the range of - 15 F. 
PARI' III. EXPERIMENT FOR INVE3TIGATION 0~ 
INDUCTION HEATING EFFECT ON THERMOCOUPLE 
IMBEDDED IN A SAE 1040 STEEL ROD 
EXPERIMENT NO. 9 
PURPOSE: The purpose of this experiment was to investigate the effect 
if any, of induction heating on a thermocouple which acts 
as a temperature sensing element. 
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, 
PLAN OF EXPERIMENTATION: The rod was first brought to a steady state 
temperature and maintained for a period of five 
minutes, then a sudden power cut-off of 5 
seconds was made. Reading of e.m.f. at the end 
of 5 second power cut-off was taken as close a 
representation of the true surface temperature 
of the rod, since the e.m.f. drop should contain 
possible e.m.f. induced in the thermocouple. 
An example is shown by Plate 9-1. The 5 second 
power cut-off readings were taken through a 
wide range of temperature with interest in drop 
of e.m.f.'s (and hence temperatures). 
APPARATUS: Induction heater, steel rod with CA 20 thermocouple, timer as 
shown by Fig. 4-1. 
PROCEDURE: See "Plan of Experimentation". Five second power cut-off 
readings were used to prepare a final temperature difference 
curve of the thermocouple reading from the true reading. 
DATA AND RESULTS: Table 9-l and 9-2 together with Plate 9-1 show the 
measurements of the surface temperature of the rod 
during tests for short power cut-offs. Table 9-3 
cumulates readings of the temperature drop after 5 
second power cut-offs through a wide range. Plate 
58 
DATA AND RESULTS: 9-2 gives a final temperature difference curve. 
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Power Time Potentiometer 
I 
Tenp. 
(Min.) Reading (mv) (OF) 
on 0 31.5 1394 
on 1 31.5 1394 
on 2 31.5 1394 
on 3 31.5 1394 
Off 3 1/2 30.8 1364 
Off 4 29.0 1330 
Off 5 28.0 1245 
on 6 31.5 1394 
on 6 1/2 31.5 1394 
Off 7 1/2 30.8 1394 
on 7 1/12 31.5 1394 
on 8 31.5 1394 
--f---· 
Off 8 1/2 30.8 1364 
on 8 1/12 31.5 1394 
on 10 31.5 1394 
Off 10 1/2 30.8 1364 
on 10 2/3 31.5 1394 
on 11 31.5 1394 
Table 9-1. 
DATA FOR INVESTIGATING TEMPERATURE DROP FliDM 1394 °F TEMP. 
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-· 
Power Time (Reading mv) Corres. 
(Min.) Potentiometer Temp. (oF) ~ 
on 0 35.6 1575 
on 1 35.6 1575 
on 3 35.6 1575 
5 sec 
off 3 1/2 34.8 1540 
on 4 35.2 1555 
on 4 1/2 35.4 1565 
on 5 35.5 1570 
on 5 1/2 35.55 1572 
on 6 35.6 1575 
on 7 35.6 1575 
Table 9-2. 
DATA FOR INVESTIGATING TEMPERATURE DROP FROM 1575 °F 
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Observed TC Reading after 5 Tanp. drop 
Reading second power cut t (°F) (mv) (OF) (mv) i (OF) 
~5 .. 6 1575 34.8 1540 35 
31.5 1394 30.8 1364 30 
31.0 1370 30.3 1341 29 
30.5 1350 30.0 1330 20 
30.2 1336 29.7 1315 . 21 
29.7 1315 29.0 1285 30 
27 .7 1 230 27.4 1218 1 2 
--
26.0 1160 25.6 1141 19 
23 . 3 1045 23.0 1032 13 
20.0 905 19 .8 897 8 
15.5 715 15.35 708 8 ' 
Table 9-3 
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DISCUSSION AND CONCLUSIONS FOR PART III 
DISCUSSIONS OF RESULTS 
1. The difference curve shows a definite trend of decrease in 
error from the true temperature as the temperature decreases. 
2. Due to the limitation of the induction heating unit for this 
investigation, the lowest attainable surface temperature of a 
SAE 1040 steel rod was 715 °F. 
Throughout the experiment, excepting the reading of 715 0 F, 
(15.5 mv) the high scale of the portable potentiometer had to 
be used which has a least count of 0.5 mv. An allowable 
error of ~ 10 °F is to be considered for errors in reading, 
temperature interpolation and rapid surface cooling during 
5 second power cut-off. 
DISCUSSION OF THE LIMITATION OF TillS EXPERIMENT 
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Due to the large least count and discontinuity nature of a portable 
potentiometer, a continuous recording potentiometer should be preferred 
for better resul ts . 
CONCLUSION 
Taking into account points mentioned under "Discussions of Results" 
it is safe to conclude that within t he interested temperat ure range of 
400 °F-1250 °F the effect on t hermocoupl e reading du e to induction 
heating while measuring surf ace temperat ure of a SAE 1040 steel rod is 
0 0 ' th between 7 F to 18 F plu s or minus probable e rror descr1bed on e 
next page., 
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GENERAL DISCUSS ION 
DISCUSSION OF ERROR IN TEMPERATURE MEASUREMENT 
"It is a fundamental truism that, since all measurements are 
merely imperfect attempts to ascertain an exact natural condition, the 
actual magnitude of a quantity can never be known. Hence, the actual 
error in the measurement of a quantity is also unknowable. Errors 
should therefore be discussed only in terms of probabilities. In terms 
of their sources (quite apart from means of describing their magnitudes ) 
errors are usually classified as systematic errors and accidental 
errors." (ll) 
(ll) Baker, Ryder and Baker. op. cit ., PPo 24-28. 
In Experiments Nos. 8 and 9 repeated readings of t emperat ure by 
the same method or by different methods were made to eliminate both 
these e rrors. During the discuss ion of Experiment No . 9 allowabl e 
+ 0 
error (A) was assumed to be- 10 F, since according to Baker, Ryde r 
and Baker probable error (P) relates with allowable error by A = 3P 
t hus , probabl e e rror fo r experiment No. 9 should be ~ 3. 3 ° F. 
' 
GENERAL CONCLUSION 
Within the interested temperature range of 400 °F-l250 °F, 
the author after experDnental investigation, concludes that with the 
employment of the techniques described in Experiment No. 9, true 
surface temperature of the metal can be determined by applying proper 
correction to the observed temperature undergoing induction heating. 
The difference curve on Plate 9-2 can be used as a correction 
curve for the observed temperature readings between 400-1250 °F, 
which were measured by a chromel-alumel gage 20 thermocouple. 
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This correction shows the heating-up of the thermocouple by 
induction from 7 ± 3.3 °F to 18 °F + 3.3 °F through the desired temper-
ature range, while measuring surface temperature of a metal. For 
example, the actual surface temperature of the rod at an observed 
• 0 temperature of 600 °F is 592.5 - 3a3 F after correction by Plate 9-2. 
For measurement of temperature of metal surface which is in 
contact with steam and steam vapor, the techniques mentioned may also 
be used except that a groove should be cut on the surface for cementing 
a section of the thermocouple wires coming out of peened junction in 
order to prevent an inaccurate thennocouple reading due to a rapid 
cooling of its junction. 
Different gages of thermocouple wires may be used in surface 
temperature measurement; however, an additional 10 Fahrenheit degrees 
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